Abstract-This paper describes topology optimization of electromagnetic systems using the multi-grid method. The present topology optimization employs uniform rectangular finite elements, in which the multi-grid method effectively works as a fast linear solver. Moreover, the present method uses a new optimization algorithm, based on the artificial immune systems paradigm, in which multi-level search is carried out.
I. INTRODUCTION In shape optimization of electromagnetic systems based on field computation, the shape of the object material is usually expressed in terms of design parameters. This leads to the problem of minimizing or maximizing an objective function of the parameters, which can effectively be solved with stochastic methods such as genetic and immune algorithms. In contrast, topology optimization seeks for the optimal shape by making free modifications of shape without any parameters (e.g., [1] ). Moreover, the topological property of the object material can change during the optimization process. This method is, therefore, able to yield essentially new, unexpected results of good performance because no prescribed shape and parameters are assumed. The topology optimization needs more complicated processes and a larger number of degrees of freedom in comparison with usual optimization mentioned above. Although intensive studies on topology optimization have been carried out to improve the optimization process, the computational cost of the optimization process is still beyond the level required for practical uses even with modern computer performance. Moreover, the conventional topology optimization sometimes yields too complicated shapes which are not appropriate for practical applications.
In this paper, a new fast and practical method for topology optimization will be introduced.
II. METHOD AND NUMERICAL EXAMPLE This method employs the multi-level rectangular grid. On the coarsest grid, rough search of the optimum shape is carried out, and the resultant shape is then optimized on the finer grid. The finest search is performed on the finest grid. It is found out that this multi-level search works faster than the conventional search and avoids falling into solutions of unrealistic complicated structure. On the other hand, the multi-grid method, whose performance becomes worse for flat elements [2], works very effectively on the rectangular multilevel grid as a linear solver.
For optimization, the present method uses an immune algorithm based on the clonal selection principle. Figure 1 depicts the algorithm named Topcsa: clonal selection algorithm for topological optimization. The clonal expansion carries out cloning, mutation, as well as smoothing of the candidate solutions. Matrix refinement makes the grid size finer, and diversity generation replaces the individuals of low performance with random ones. Figure 2 shows the optimal shape obtained by the present method for the coil-shape optimization problem [3] . In this problem, the shape of the coil is optimized so that the magnetic field in the rectangular domain becomes uniform.
In the presentation, the present method will be described in detail and other numerical examples will be presented. 
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